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7KH EHQHILWV RI EHLQJ DEOH WR FUHDWH D QXPEHU RI SURGXFW
YDULDWLRQV IURP D OLPLWHG UDQJH RI FRPSRQHQWV RU VXE
DVVHPEOLHV DUH ZLGHO\ UHFRJQL]HG ,QGHHG LW LV FOHDU WKDW
FRPSDQLHV ZKR FDQ HIIHFWLYHO\ UHXVH HOHPHQWV RI H[LVWLQJ
GHVLJQVZKHQFUHDWLQJQHZSURGXFWVZLOOEHPRUHSURGXFWLYHDQG
SURILWDEOH WKDQ WKRVH ZKRVH FDWDORJXHV DUH IXOO RI SDUWV
LQGLYLGXDOO\WDLORUHGWRVSHFLILFPRGHOV)UXVWUDWLQJO\GHVSLWHWKH
EHQHILWVH[LVWLQJDSSURDFKHVWRTXDQWLI\LQJWKHDPRXQWRIGHVLJQ
UHXVHZLWKLQDFRPSDQ\¶VSURGXFWUDQJHDUHODERULRXVDQGRIWHQ
SURYLGHRQO\DJJUHJDWHGUHXVHYDOXHWKDWSURYLGHGOLWWOHH[SOLFLW
LQGLFDWLRQRIZKHUHWKHKLJKHVWDQGORZHVWOHYHOVRIUHXVHRFFXU
ZLWKLQDSURGXFWSRUWIROLR 
7KLVSDSHU VXUYH\VH[LVWLQJPHDVXUHVRIGHVLJQ UHXVHDQG
GHVFULEHV WKHUHVXOWVRIDSSO\LQJVRPHRI WKHP WRTXDQWLI\ WKH
DPRXQW RI FRPPRQDOLW\ LQ D UDQJH RI IODWSDFN IXUQLWXUH7KH
UHVXOWV LOOXVWUDWH WKH GLIIHUHQFHV EHWZHHQ WKHLU GHILQLWLRQV RI
GHVLJQ UHXVH :H WKHQ SUHVHQW D QHZ DSSURDFK WR REMHFWLYHO\
TXDQWLI\LQJ OHYHOV RI UHXVH E\ FRPSDULQJ DFWXDO SUREDELOLW\
GLVWULEXWLRQVRIFRPSRQHQWXVHZLWKYLUWXDORQHV ZKHUHHYHU\
FRPSRQHQW LV XVHG ZLWK HTXDO SUHIHUHQFH7KHSURSRVHG UHXVH
PHWULF QDPHG 3UREDELOLVWLF 'HVLJQ 5HXVH ,QGH[ 3'5, LV
DSSOLHGWRWKHIODWSDFNGDWDVHWDQGWKHUHVXOWVXVHGWRKLJKOLJKW
FRPSRQHQWIDPLOLHVZLWKORZOHYHOVRIGHVLJQFRPPRQDOLW\ 
,1752'8&7,21 
(QJLQHHULQJ 'HVLJQ ZRUN W\SLFDOO\ FRQVLVWV RI UHXVLQJ
FRQILJXULQJDQGDVVHPEOLQJH[LVWLQJFRPSRQHQWVVROXWLRQVDQG
NQRZOHGJH,WKDVEHHQVXJJHVWHGWKDWPRUHWKDQRIGHVLJQ
DFWLYLW\FRPSULVHVUHXVHRISUHYLRXVO\H[LVWLQJNQRZOHGJH >@
+RZHYHUGHVSLWHLWVLPSRUWDQFHRQHRIWKHPDMRUUHDVRQVZK\
FRPSDQLHVRIWHQVWUXJJOHWRSHUIRUPSURMHFWVRQWLPHDQGEXGJHW
LVWKDWWKH\DUHQRWIXOO\H[SORLWLQJSURGXFWLYLW\JDLQVDYDLODEOH
IURPUHXVH,QRWKHUZRUGVSURGXFWGHYHORSPHQWJURXSVZLWKLQ
PDQXIDFWXULQJHQWHUSULVHVIUHTXHQWO\³UHLQYHQWWKHZKHHO´UDWKHU
WKDQ XVLQJ NQRZQ VROXWLRQV >@ 2QH RI WKH ILUVW VWHSV LQ
LPSURYLQJ DQ\ LQGXVWULDO SURFHVVHV LV WR HVWDEOLVK UREXVW
PHDVXUHVRISHUIRUPDQFH 
$OWKRXJKPHWKRGVIRUTXDQWLI\LQJWKHDPRXQWRIFRPSRQHQW
DQG VXEDVVHPEO\ UHXVH ZLWKLQ D SURGXFW UDQJH KDYH EHHQ
UHSRUWHG LQ WKH OLWHUDWXUH VLQFH WKH V WKH\ KDYH QRW EHHQ
ZLGHO\DGRSWHGLQWKHLQGXVWU\,WLVOLNHO\WKDWDFRPELQDWLRQRI
WKH ODERU UHTXLUHG WR DSSO\ WKH PHDVXUHV LQ SUDFWLFH DQG WKH
GLIILFXOWLHV RI OHYHUDJLQJ WKH UHVXOWV HJ WKH YDOXHV PLJKW
VXJJHVWOHYHOVRIGHVLJQUHXVHFRXOGEHLPSURYHGEXWLW LVQRW
FOHDUKRZKDYHPDGHFRPSDQLHVUHOXFWDQWWRLQYHVWLQWKLVIRUP
RITXDQWLWDWLYHGHVLJQSHUIRUPDQFHDQDO\VLV 
0RWLYDWHG E\ WKHVH VKRUWFRPLQJV WKLV SDSHU GHVFULEHV WKH
UHVXOWV RI DQ LQYHVWLJDWLRQ ZKRVH DLPV ZHUH WR FUHDWH  D
FRPSXWDEOH PHDVXUH RI GHVLJQ UHXVH WKDW LV  VHQVLWLYH WR D
GHVLJQ FRPSOH[LW\  LQIRUPHG E\ WKH RSWLRQV DYDLODEOH LQ D
SURGXFWUDQJHDQGSURYLGHVLQGLYLGXDOUDWKHUWKDQDJJUHJDWHG
YDOXHV7KHUHVXOWLVDQRYHO3UREDELOLVWLF'HVLJQ5HXVH,QGH[
3'5, WKDW XVHV WKH JHQHULF VWUXFWXUH W\SLFDO RI IDPLOLHV RI
HQJLQHHULQJ SURGXFWV WR SURYLGH D PHDVXUH RI HDFK LQGLYLGXDO
GHVLJQ¶V SHUIRUPDQFH UHODWLYH WR D µUDQGRP¶ GHVLJQ ZKHUH D
JHQHULFSURGXFWVWUXFWXUHKDVEHHQSRSXODWHGZLWKFRPSRQHQWV
SLFNHGDWUDQGRPIURPDOLVWRIHTXLYDOHQWFRPSRQHQWVXVHGLQ
WKH IDPLO\ ,Q WKLV ZD\ D EHQFKPDUN SHUIRUPDQFH FDQ EH
HVWDEOLVKHG D VRFDOOHG ³3XUHO\ UDQGRP GHVLJQ PHFKDQLVP´
DJDLQVWZKLFKRWKHUGHVLJQFDQEHDVVHVVHG7KHIXUWKHULHOHVV
FRUUHODWHG DQ LQGLYLGXDO GHVLJQ¶V FRQILJXUDWLRQ LV IURP WKRVH
FUHDWHGE\µ3XUHO\UDQGRPGHVLJQ¶WKHEHWWHULWVGHJUHHRIGHVLJQ
UHXVH 
7KH 3'5, QRW RQO\ SURYLGHV DQ REMHFWLYH VFDOH DJDLQVW
ZKLFKUHXVHSHUIRUPDQFHFDQEHDVVHVVHGLHKRZGLIIHUHQWLV
WKH SRUWIROLR RI ³UHDO´ GHVLJQV IURP DV SRRU UHXVH FDVH ZKHUH
SURGXFWVDUHFUHDWHGE\WKHUDQGRPVHOHFWLRQRIFRPSRQHQWVEXW
DOVR LGHQWLILHV WKH EHVW DQG ZRUVW GHVLJQV IURP D UHXVH
SHUVSHFWLYHLQDSURGXFWUDQJH 
  &RS\ULJKWE\$60( 
7KHUHVWRIWKLVSDSHULVVWUXFWXUHGDVIROORZVWKHUHSRUWHG
DSSURDFKHVIRUTXDQWLI\LQJGHVLJQUHXVHDUHVXUYH\HGLQWKHQH[W
VHFWLRQ DQG WKHLU VWUHQJWK DQG ZHDNQHVVHV LOOXVWUDWHG E\
FRQVLGHULQJWKHLUDSSOLFDWLRQVWRDIDPLO\RIIODWSDFNIXUQLWXUH
$QRYHUYLHZRIWKH3'5,LVWKHQSUHVHQWHGDQGWKHUHVXOWVRILWV
DSSOLFDWLRQWRWKHIODWSDFNIXUQLWXUHGDWDVHWGLVFXVVHG 
 
7DEOH5HSRUWHGFRPPRQDOLW\PHDVXUHV
Commonality indices and Description Formula 
Relative commonality (R.C.) assesses the commonality of each component using an entropy-based 
measure. [3] െ  ? ݌௜௝݈݋݃ଶ݌௜௝௡೔௝ୀଵ݈݋݃ଶܰ  
where: ݌௜௝ Æ the quantity of component i required for product j divided by the sum of the quantities of i required for all products of WKH¿UP¶VOLQH; ݊௜ Æ the number of products that use component i; ܰ Æ WKHQXPEHURISURGXFWVLQWKH¿UP¶VOLQH 
Degree of Commonality Index (DCI) is a cardinal measure indicating the average number of parent items 
per average distinct component. It assigns a commonality level to the entire product family. [4]  ? Ȱ௝௜ାௗ௝ୀ௜ାଵ݀  
where: Ȱ௝ Æ the number of immediate parents component j has over a set of end items or product structure level(s); d Æ the total 
number of distinct components in the set of end items or product structure level(s); i Æ the total number of end items or the total 
number of highest level parent items for the product structure level(s) 
Total Constant Commonality Index (TCCI) normalises the DCI value to allow comparison of 
commonality at any level of the product structure. The authors also introduce measures for within-product 
constant commonality index, between-product constant commonality index, and incremental constant 
commonality index. [5] 
 ? െ ݀ െ  ? ? Ȱ௝ௗ௝ୀଵ െ  ? 
Commonality index (CI) indicates the ratio between the number of component types in a product family 
and the total number of component in the family. [6] 
 ? െ ݑ െ  ݌௝ ? ݌௝௩೙௝ୀଵ െ  ݌௝ 
where: ݑ Æ the number of component types; ݌௝ Æ the number of components in model j; ݒ௡ Æ the final number of products offered 
Percent Commonality (%C) provides an overall measurement of commonality by weighting each index 
separately for measuring component commonality, connection commonality, and assembly commonality.[7] 
where: ܫ௜Æ Importance (weighting factors),  ?ܫ௜ ൌ  ? ෍ ܫ௜ כ ܥ௜ସ௜ୀଵ  ܥ௜ ൌ  ? ? ?כ ܿ݋݉݉݋݊ܿ݋݉݌݋݊݁݊ݐݏܥ݋݉݉݋݊ ൅ ܷ݊݅ݍݑ݁ܿ݋݉݌݋݊݁݊ݐݏ Ǣ ܥ௡ ൌ  ? ? ?כ ܿ݋݉݉݋݊ܿ݋݊݊݁ܿݐ݅݋݊ݏܥ݋݉݉݋݊ ൅ ܷ݊݅ݍݑ݁ܿ݋݊݊݁ܿݐ݅݋݊ݏ Ǣ ܥ௟ ൌ  ? ? ?כ ܿ݋݉݉݋݊ܽݏݏܾ݈݁݉ݕܿ݋݉݌݋݊݁݊ݐ݈݋ܽ݀݅݊݃ܥ݋݉݉݋݊ ൅ ܷ݊݅ݍݑ݁ܽݏݏܾ݈݁݉ݕܿ݋݉݌݋݊݁݊ݐ݈݋ܽ݀݅݊݃ ܥ௔ ൌ  ? ? ?כ ܿ݋݉݉݋݊ܽݏݏܾ݈݁݉ݕݓ݋ݎ݇ݏݐܽݐ݅݋݊ܥ݋݉݉݋݊ ൅ ܷ݊݅ݍݑ݁ܽݏݏܾ݈݁݉ݕݓ݋ݎ݇ݏݐܽݐ݅݋݊ 
Product Line Commonality Index (PCI) illustrates the percentage of non-differentiating 
components that are shared across products in terms of their size/shapes, materials/ 
manufacturing processes, and assembly processes [8]. Nomenclature from [8] 
 ? ݊௜ כ ଵ݂௜ כ ଶ݂௜ כ ଷ݂௜ െ  ?  ?݊௜ଶ௉௜ୀଵ௉௜ୀଵ ܲ כ ܰ െ  ?  ?݊௜ଶ௉௜ୀଵ  
Component Part Commonality Index (CI(C)) takes into account product volume, quantity 
per operation, and the cost of the component in addition to DCI parameters to find 
commonality index. [9]  Nomenclature from [9] 
 ? ሾ ௝ܲ  ? Ȱ௜௝  ? ሺ ௜ܸ ௜ܳ௝ሻሿ௠௜ୀଵ௠௜ୀଵௗ௝ୀଵ  ? ሾ ௝ܲ  ? ௜ܸ ௜ܳ௝ሿ௠௜ୀଵௗ௝ୀଵ  
Commonality versus Diversity Index (CDI) assesses the commonality and diversity 
within a family of products or across families. The CDI score for a function computed by 
aggregating the CDI score for each sub-group of products that include all the components 
for that function. The CDI score of all the functions is aggregated to obtain the CDI score 
for the family.[10] Nomenclature from [10] 
 ?ܨ ෍  ?ܭ௜௝ி௜ୀଵ ෍  ?ܩ௜௞ ෍ሺ ?ீ೔ೖ௠ୀଵ௄೔ೕ௞ୀଵെ ݊݋݊ ?݈݈ܽ݋ݓ݁݀ ?ܿ݋݉ ?݀݅ݒ௜௞௚೘݉ܽݔ݀݅ݒ௜௞௚೘ ሻ 
Comprehensive Metric for Commonality (CMC) takes into account size, geometry, 
material, manufacturing process, assembly, cost, and production volume of components to 
generate a commonality metric. [11] Nomenclature from [11]   
 ? ݊௜ כ ሺܥ௜௠௔௫ െ ܥ௜ሻ כ  ? ௫݂௜ସ௫ୀଵ௉௜ୀଵ ? ݊௜ כ ൫ܥ௜௠௔௫ െ ܥ௜௠௜௡൯ כ  ? ௫݂௜ସ௫ୀଵ௉௜ୀଵ  
Total Commonalty Index (TCI) enables the evaluation of the overall commonality of a 
product family from the intermediate commonality metrics with respect to common 
components, must-generic items, and options. The TCI is the sum of two quantities: the 
commonality level with respect to common components and must-generic items, and 
commonality of the product family with respect to options. [12] 
ቐ ?݊෍ ෑሺ ௞ܰሻ௛೔௡೓೔௞ୀଵ௡௜ୀଵ ෍ ݓ௜௝ଶ݊௜௡೔௝ୀଵ ቑ൅ ቐ݉ܣ ෍ ߙ௜ ෑሺ ௞ܰሻ௛೔௡೓೔௞ୀଵ௠௜ୀଵ ෍ ݓ௜௝ଶ݉௜௠೔௝ୀଵ ቑ 
Composite standardisation index: This index is calculated using the standardisation index 
for each component and/or assembly and the commonality index for each assembly (TCCI), 
which are calculated using the absolute attribute-based standardization of each component 
of the system. [13]  
ܫ௖ሺܽሻ ? ݓ௠ כ ܫ௠ሺܽሻ ൅ ݓ௦ כ ܫ௦ሺܽሻݓ௠ ൅ ݓ௦  
  &RS\ULJKWE\$60( 
(;,67,1*5(86(0($685(6 
7KHOLWHUDWXUHIRFXVHVRQHYDOXDWLQJFRPPRQDOLW\ZLWKLQD
SURGXFW IDPLO\ HJ WKH SHUFHQWDJH RI FRPSRQHQWV WKDW DUH
FRPPRQ DFURVV D SURGXFW IDPLO\$ FRPPRQDOLW\ LQGH[ LV D
PHWULF WR DVVHVV WKH GHJUHH RI FRPPRQDOLW\ ZLWKLQ D SURGXFW
IDPLO\ EDVHG RQ GLIIHUHQW SDUDPHWHUV VXFK DV WKH QXPEHU RI
FRPPRQFRPSRQHQWV WKHFRPSRQHQWFRVWV WKHPDQXIDFWXULQJ
SURFHVVHV DQG VR RQ 7KH WHUPLQRORJ\ XVHG LQ WKH OLWHUDWXUH
YDULHVVLJQLILFDQWO\IURPSDSHUWRSDSHUDQGFUHDWHVVLJQLILFDQW
GLIILFXOWLHVLQLQWHUSUHWDWLRQRIWKHGLIIHUHQWFRQWULEXWLRQV7DEOH
 VXPPDUL]HV WKHH[LVWLQJFRPPRQDOLW\PHDVXUHVSURSRVHG LQ
WKH OLWHUDWXUH ,Q 7DEOH  ZH KDYH DGRSWHG WKH IROORZLQJ
WHUPLQRORJ\WRHQDEOHDXQLIRUPSUHVHQWDWLRQ 
&RPSRQHQW $Q LWHP WKDW GRHV QRW IXUWKHU GLYLGH LQWR VXE
DVVHPEOLHVRUFRPSRQHQWV 
$VVHPEO\$FROOHFWLRQRIVXEDVVHPEOLHVDQGRUFRPSRQHQWV 
3URGXFW $Q DVVHPEO\ XVXDOO\ IRU VDOH DV D OLQH LWHP WR D
FXVWRPHU  
,WHP$Q\SURGXFWDVVHPEO\RUFRPSRQHQW 
7\SH FRPSRQHQW W\SHDVVHPEO\ W\SH$Q LWHP 
W\SH
 LH0
QXWRU86%SRUWDVVHPEO\UHIHUVWRDOOLWHPVRIWKHVDPHW\SH
ZLWKIRUH[DPSOHVDPHJHRPHWU\PDWHULDOWROHUDQFHVHWF 
)DPLO\FRPSRQHQWIDPLO\DVVHPEO\IDPLO\SURGXFWIDPLO\$
JURXSRIIXQFWLRQDOO\RUVWUXFWXUDOO\VLPLODULWHPV 
3UHVHQFH 5HFRUGV WKHSUHVHQFHRI DQ LWHP LQ D SURGXFW LH
ZKHWKHUWKHSURGXFWKDVWKDWFRPSRQHQW" 
2FFXUUHQFH$QRFFXUUHQFH UHFRUGVWKHFXPXODWLYHSUHVHQFHRI
DQ LWHP W\SH LQ D SURGXFW 7KLV GHILQHV KRZ PDQ\ WLPHV WKH
SURGXFWKDVWKDWFRPSRQHQWHJ0EROWV86%SRUWV 
3URGXFWVWUXFWXUH$JUDSKOLNHVWUXFWXUHUHFRUGLQJWKHSUHVHQFH
RIVXEDVVHPEO\DQGRUFRPSRQHQWRFFXUUHQFHVLQSURGXFWV 
2SWLRQ FRPSRQHQW DVVHPEO\ SURGXFW $OWHUQDWLYH LWHPV
DYDLODEOHZLWKLQHDFKIDPLO\ 
%DODQFLQJ9DULHW\DQG&RPPRQDOLW\ 
5HVHDUFKHUVKDYHVRXJKWWRXQGHUVWDQGKRZOHYHOVRIUHXVH
YDU\ ZLWK GLIIHUHQW EXVLQHVV PRGHOV DQG PDUNHW VWUDWHJLHV
6LPSVRQ >@ IRU H[DPSOH SURSRVHV WKH FRPPRQDOLW\YDULHW\
EHQFKPDUNLQJFKDUWJHQHUDWHGE\LQWHJUDWLQJFRPPRQDOLW\DQG
YDULHW\LQGLFHVWRFRPSDUHFRPSHWLQJSURGXFWIDPLOLHVDQGWKHLU
SODWIRUP HOHPHQWV )LJ  7KH FKDUW SORWV QRUPDOL]HG
*HQHUDWLRQDO 9DULHW\ ,QGH[ *9, >@ DJDLQVW 3URGXFW /LQH
&RPPRQDOLW\ ,QGH[ 3&, >@ YDOXHV 7KH *9, PHDVXUHV WKH
DPRXQW RI UHGHVLJQ HIIRUW UHTXLUHG IRU IXWXUH GHVLJQV RI WKH
SURGXFW DQG DVVHVVHV WKH QHFHVVDU\ FRPSRQHQW YDULHW\ LQ
FXVWRPHUQHHGVDQGUHTXLUHPHQWVWKURXJKWKH4XDOLW\)XQFWLRQ
'HSOR\PHQW DSSURDFK7KH 3&, PHDVXUHV FRPPRQDOLW\ DW WKH
FRPSRQHQWPRGXOHOHYHODVZHOODVDWWKHSURGXFWIDPLO\OHYHO
6LPSVRQ SURSRVHV WKDW WKH *9, DQG 3&, VFRUHV IRU HDFK
FRPSRQHQWFDQEHDVVRFLDWHGZLWKWKHIROORZLQJFODVVLILFDWLRQV
FRVWO\FRPSRQHQWVXQYDOXHGXQLTXHQHVVSURSHUO\SODWIRUPHG
PDUNHWPLVPDWFKDQGFRQIXVLQJFRPPRQDOLW\ 
$QRWKHUWRROHPSOR\HGWRYLVXDOL]HWKHUHODWLRQVKLSEHWZHHQ
FRPPRQDOLW\ DQG YDULHW\ LV WKH FRPPRQDOLW\YDULHW\ WUDGHRII
DQJOHĮ>@7KHDQJOHYDOXHYDULHVEHWZHHQWRDQGLV
GHILQHGDVDIXQFWLRQRIWKHZHLJKWHGVXPRIWKHVWUDWHJLFIDFWRUV¶
TXDQWLWDWLYH LPSDFW RQ FRPPRQDOLW\ DQG YDULHW\ LQ D SURGXFW
IDPLO\ 7KHVH IDFWRUV FRYHU ILYH FDWHJRULHV  PDUNHW SURGXFW
FKDUDFWHULVWLFV OLIHF\FOH SURFHVVHV JRYHUQPHQW DQG LQGXVWU\
UHJXODWLRQVDQGRUVWDQGDUGVDQGRUJDQL]DWLRQDOFDSDELOLWLHV7KH
DQJOHIDFWRULQWKH3URGXFW)DPLO\(YDOXDWLRQ*UDSK3)(*FDQ
XVHG WR ILQG EHVW SURGXFW IDPLO\ GHVLJQ RSWLRQ DPRQJ VHWV RI
DOWHUQDWLYHVEDVHGRQWKHLUSHUIRUPDQFHZLWKUHVSHFWWRWKHLGHDO
FRPPRQDOLW\YDULHW\ WUDGHRII )LJXUH  LOOXVWUDWHV D VDPSOH
3)(*DORQJZLWKWKHDQJOHIDFWRU7KHJUDSKFDQEHSORWWHGZLWK
HLWKHU &RPPRQDOLW\ YHUVXV 'LYHUVLW\ ,QGH[ &', RU
&RPSUHKHQVLYH 0HWULF IRU &RPPRQDOLW\ &0& 7KH
FRPPRQDOLW\YDULHW\WUDGHRIIDQJOHFDOFXODWHGXVLQJ(T 
 ߙ௖ ൌ  ൬ܥܯܥ௩ܥܦܫ௩ܥܯܥ௖ܥܦܫ௖ ൰ሺ ?ሻ 
 
6RZKHUHDV)LJVXJJHVWVW\SLFDODPRXQWVRIFRPPRQDOLW\
DQGYDULHW\)LJVXSSRUWVWKHEHQFKPDUNLQJRILGHDODQGDFWXDO
FRPPRQDOLW\DQGGLYHUVLW\PHDVXUH+RZHYHUWKHPHDVXUHVXVHG
DUH VXEMHFWLYH WKDW FRXOG OHDG WR XQFHUWDLQW\ DQG LPSDFW WKH
GHFLVLRQPDNLQJSURFHVV 
 
 )LJXUH&RPPRQDOLW\9DULHW\%HQFKPDUNLQJ&KDUW
XVLQJ*9,DQG3&,LQGLFHV>@ 
 
 )LJXUH6DPSOH3URGXFW)DPLO\(YDOXDWLRQ*UDSK
DORQJZLWKWKHDQJOHIDFWRU>@ 
 
$ IXUQLWXUH FRPSDQ\ GDWDVHW KDV EHHQ FKRVHQ IRU WKH
DSSOLFDWLRQSURFHVVWRXQGHUVWDQGWKHQDWXUHRIOLWHUDWXUHUHSRUWHG
FRPPRQDOLW\PHDVXUHVLQGHFLVLRQPDNLQJLGHQWLI\OLPLWDWLRQV
  &RS\ULJKWE\$60( 
DQGFRPSDUHZLWKWKH3'5,SURSRVHGODWHULQWKHSDSHU7KHQH[W
VHFWLRQUHSRUWVWKHUHVXOWVJHQHUDWHGIURPWKLVDSSOLFDWLRQ 
$66(660(172)(;,67,1*5(86(0($685(6 
$ GDWD VHW PDQXDOO\ GHULYHG IURP LQVSHFWLRQ RI WKH
DVVHPEO\LQVWUXFWLRQVRIDIODWSDFNIXUQLWXUHFRPSDQ\ZDVXVHG
WRXQGHUVWDQG WKH YDOXHV JHQHUDWHG IURP VRPHRI WKH UHSRUWHG
FRPPRQDOLW\PHDVXUHV7KUHHGLIIHUHQWEHG W\SHVZHUHXVHGLQ
WKLVVWXG\GRXEOHVLQJOHDQGJXHVWEHGV7KLVUHVHDUFKIRFXVHV
RQ FRPSRQHQW W\SHV SUHVHQFH DQG RFFXUUHQFHV LQ HDFK EHG
W\SHV &RPPRQDOLW\ PHDVXUHV UHTXLULQJ QRQH JHRPHWULF
LQIRUPDWLRQVXFKDVFRPSRQHQWFRVWVPDWHULDOVPDQXIDFWXULQJ
SURFHVVHV DVVHPEO\ FRPSRQHQW YROXPHV DQG TXDQWLWLHV SHU
DVVHPEO\DUHQRWLQFRUSRUDWHGLQWKLVZRUNLH&RPSRQHQW3DUW
&RPPRQDOLW\,QGH[&,&&RPPRQDOLW\YHUVXV'LYHUVLW\,QGH[
&', &RPSUHKHQVLYH 0HWULF IRU &RPPRQDOLW\ &0& DQG
7RWDO&RPPRQDOW\,QGH[7&,1RQHRIWKHFRPSRQHQWVZHUH
FRQVLGHUHG DV GLIIHUHQWLDWLQJ VLQFH RQO\ DVVHPEO\ FRPSRQHQWV
ZHUHXVHGLQWKLVVWXG\ 
'HVFULSWLRQRIGDWDVHWV 
7DEOHSURYLGHVVRPHGHVFULSWLYHVWDWLVWLFVRIFRPSRQHQWV
DFURVVWKHWKUHHEHGW\SHVXVHGLQWKHVWXG\$OOEHGVDUHXQLTXH
LHQRSURGXFWYDULHW\VXFKDVPDWHULDOFRORULVLQFRUSRUDWHGLQ
WKHGDWDVHWV7KHGDWDVXJJHVWVWKDWWKHQXPEHURIFRPSRQHQW
W\SHVLQFUHDVHVZLWKWKHQXPEHURIEHGVWKHPLQLPXPQXPEHU
RI FRPSRQHQW SUHVHQFH LQ D EHG LV VL[ DQG WKH UDQJH RI WRWDO
FRPSRQHQWRFFXUUHQFHV LQHDFKEHGYDULHV VLJQLILFDQWO\ IRUDOO
EHG IDPLOLHV ,QWHUHVWLQJO\QRVLQJOHFRPSRQHQW W\SH KDVEHHQ
XVHGDFURVVDOOEHGV7KHUDQJHRIeach component occurrences 
across bedsDOVRYDULHVODUJHO\IRUDOOEHGW\SHV 
 
7DEOH&RPSRQHQWVSUHVHQFHDQGRFFXUUHQFHVLQ
WKHGDWDVHW 
Bed type Double  Single  Guest  
Total number of 
component types  
110 50 78 
Number of beds 15 5 6 
Range of 
component presence 
in each bed 
6 ± 34  6 ± 21  6 ± 29  
Range of 
component 
occurrences in each 
bed 
38 ± 409  41 ± 209  47 ± 303  
Range of each  
component presence 
across beds 
1 - 13 1 ± 3  1 ± 4  
Range of each 
component 
occurrences across 
beds 
1 - 202 1 ± 48  1 ± 108  
 
7DEOHVKRZVVWDWLVWLFDOO\VLJQLILFDQWFRUUHODWLRQVEHWZHHQ
WKHWRWDOFRPSRQHQWSUHVHQFHDQGoccurrences in each bed, and 
bHWZHHQWKHWRWDOSUHVHQFHDQGoccurrences RIHDFKFRPSRQHQW
across beds for all the bed types7KHVHVLJQLILFDQWFRUUHODWLRQV
GHPRQVWUDWH WKDW WKH WRWDO FRPSRQHQW RFFXUUHQFHV LQ D EHG
SURGXFW LQFUHDVHV GUDVWLFDOO\ IRU HYHU\ DGGLWLRQ RI D QHZ
FRPSRQHQW)LJXUHLOOXVWUDWHVWKDWRIFRPSRQHQWW\SHVDUH
XVHG LQ WKUHHRU IHZHUGRXEOHEHGGHVLJQVZKLOHRQO\RI
FRPSRQHQW W\SHV DUH XVHG ZLWKLQ  WR  GRXEOH EHG GHVLJQV
)LJXUH  SRLQWV RXW WKDW  RI FRPSRQHQW W\SHV KDYH WRWDO
RFFXUUHQFHV RI OHVV WKDQ RU HTXDO WR  7KHVH REVHUYDWLRQV
GHPRQVWUDWH WKDW WKH IXUQLWXUH FRPSDQ\ GRHV QRW UHXVH
FRPSRQHQWVHIIHFWLYHO\DFURVVLWVEHGSURGXFWV 
 
7DEOH&RUUHODWLRQDQGVLJQLILFDQFHYDOXHV 
%HG
W\SH 
%HWZHHQWRWDO
FRPSRQHQWSUHVHQFH
DQGoccurrences in each 
bed 
%HWZHHQWRWDOSUHVHQFH
DQGoccurrences RI
HDFKFRPSRQHQWacross 
beds 
'RXEOH   
6LQJOH   
*XHVW   
 
 )LJXUH3HUFHQWDJHRIFRPSRQHQWW\SHVUHODWLYHWR
UDQJHRIEHGV 
 
 )LJXUH3HUFHQWDJHRIFRPSRQHQWW\SHVUHODWLYHWR
UDQJHRIRFFXUUHQFHV 
  &RS\ULJKWE\$60( 
5HODWLYHFRPPRQDOLW\5& 
)LJXUHSUHVHQWVDSORWRIWKH5&VFRUHYVWKHFXPXODWLYH
SHUFHQWDJH RI FRPSRQHQW W\SHV 7KH ILJXUH VKRZV WKDW RQ
DYHUDJH  RI FRPSRQHQW W\SHV UHFHLYHG D ]HUR 5& VFRUH
DFURVVEHGVLHFRPSRQHQWSUHVHQFHRFFXUVRQO\RQFHLQDEHG
W\SH7KH PD[LPXP 5& VFRUH ZDV DVVRFLDWHG ZLWK D µ3ODVWLF
FDS¶FRPSRQHQW LQ WKHGRXEOHEHG IDPLO\ 5& VFRUH 
7KH5&VFRUHIRUµ6PDOOVFUHZ¶FRPSRQHQWLVRQO\ZKLFK
KDGKLJKHVWRFFXUUHQFHVLHWLPHVDQGZDVXVHGDFURVVQLQH
GRXEOHEHGV:KHUHDVWKHKLJKHVWVFRUHUµ3ODVWLF&DS¶KDG
RFFXUUHQFHV DQG ZDV XVHG DFURVV  GRXEOH EHGV 7KLV WUHQG
VKRZVWKDWWKH5&VFRUHJLYHVSULRULW\WRFRPSRQHQWVXVHGDFURVV
PXOWLSOHSURGXFWVUDWKHUWKDQLQFUHDVLQJFRPSRQHQWRFFXUUHQFHV
$OVRWKH5&VFRUHSHQDOL]HVWKHZLGHUGLIIHUHQFHVRIFRPSRQHQW
RFFXUUHQFHV DFURVV EHGV 7KH FRPSRQHQW µ6PDOO VFUHZ¶ RQO\
DFKLHYHGD5&VFRUHRIGHVSLWHWKHIDFWWKDWLWZDVXVHG
WLPHVLQRQHEHGFRPSDUHGWRRWKHUSURGXFWVWKDWRFFXUUHGXSWR
WLPHV 
 
 )LJXUH&KDUWEHWZHHQ5HODWLYH&RPPRQDOLW\VFRUH
DQGFXPXODWLYHSHUFHQWDJHRIFRPSRQHQWW\SHV 
'HJUHHRI&RPPRQDOLW\,QGH['&,DQG7RWDO&RQVWDQW
&RPPRQDOLW\,QGH[7&&, 
7KHSURGXFWVWUXFWXUHRIWKHEHGGDWDVHWLVIODWDVWKHUHDUH
QR VXEDVVHPEOLHV DQG FRQVHTXHQWO\ HYHU\ FRPSRQHQW KDV D
VLQJOH SDUHQW LQ WKH SURGXFW VWUXFWXUH7DEOH  VKRZV WKH '&,
VFRUHVIRUDOOEHG W\SHV7KH'&,SURYLGHVDUDWLREHWZHHQWKH
WRWDO FRPSRQHQW RFFXUUHQFHV LQ D SURGXFW W\SH DQG WKH WRWDO
QXPEHU RI FRPSRQHQW W\SHV ,W UHSUHVHQWV DYHUDJH XVDJH RI D
FRPSRQHQW W\SH LQ HDFK EHG W\SH7KH '&, VFRUH FRPSDULVRQ
DFURVVEHGW\SHVUHYHDOVWKDWWKHDYHUDJHXVDJHRIDFRPSRQHQW
W\SHLVEHWWHULQWKH'RXEOHEHGWKDQRWKHUV7KHUHODWLYH7&&,
PHDVXUH UHSUHVHQWV WKH GHJUHH WR ZKLFK FRPSRQHQWV DUH XVHG
HOVHZKHUH FRPSDUHG WR WKH PD[LPXP DPRXQW SRVVLEOH 7KH
7&&, VFRUHV DFURVV EHG W\SHV LOOXVWUDWH WKH VFRSH IRU
FRPPRQDOLW\ LPSURYHPHQW +RZHYHU LW LV GHEDWDEOH ZKHWKHU
KLJK7&&,YDOXHVWUXO\EHQFKPDUNDJDLQVW WKHPD[LPXPOHYHO
RIFRPPRQDOLW\SRVVLEOH 
 
 
 
 
7DEOH'&,DQG7&&,VFRUHVIRUDOOEHGW\SHV 
%HGW\SH 1XPEHU RI
FRPSRQHQWV
W\SHV 
7RWDO
FRPSRQHQW
RFFXUUHQFHV 
'&, 7&&, 
'RXEOH     
6LQJOH     
*XHVW     
&RPPRQDOLW\LQGH[&, 
7KH&,FDQEHLQWHUSUHWHGDVWKHUDWLREHWZHHQWKHQXPEHU
RIFRPSRQHQWW\SHVDQGWKHWRWDOQXPEHURIFRPSRQHQWSUHVHQFH
LQDEHGW\SH7KHKLJKHU&,VFRUHIRUWKH'RXEOHEHGLOOXVWUDWHV
WKH\KDYHDORZUDWLREHWZHHQWKHQXPEHURIFRPSRQHQWW\SHV
DQGWKHWRWDOQXPEHURIFRPSRQHQWSUHVHQFH7DEOH7KH&,
VFRUH ZLOO EH KLJKHU LQ D SURGXFW W\SH LI WKH WRWDO QXPEHU RI
FRPSRQHQW SUHVHQFH LQFUHDVHV E\ NHHSLQJ WKH QXPEHU RI
FRPSRQHQWW\SHVFRQVWDQW 
 
7DEOH&DOFXODWLRQRI&,YDOXHVIRUDOOEHGW\SHV 
%HG
W\SH 
1XPEHU RI
FRPSRQHQW
W\SHV 
0D[LPXP
QXPEHU RI
FRPSRQHQW
SUHVHQFH LQ
DEHG 
7RWDO
QXPEHU RI
FRPSRQHQW
SUHVHQFH LQ
DEHGW\SH 
&, 
'RXEOH     
6LQJOH     
*XHVW     
3HUFHQW&RPPRQDOLW\& 
,QWKLVVWXG\RQO\WKHFRPSRQHQWFRPPRQDOLW\SHUFHQWDJH
LVXVHGZLWKLQ WKH3HUFHQW&RPPRQDOLW\ VFRUH LH FRQQHFWLRQ
FRPPRQDOLW\ DQG DVVHPEO\ FRPPRQDOLW\ DUH QRW FRQVLGHUHG
7KH&VFRUHLVOHVVIRUWKH6LQJOHEHGW\SHFRPSDUHGWRGRXEOH
DQGJXHVWW\SHV7DEOH7KH&VFRUHSURYLGHVDQLQGLFDWRUWR
LQFUHDVHFRPPRQFRPSRQHQWVDPRQJDEHGW\SH 
 
7DEOH3HUFHQW&RPPRQDOLW\&VFRUHIRUDOOEHG
W\SHV 
%HGW\SH 1XPEHU RI
FRPPRQ
FRPSRQHQWV
XVHG LQ PRUH
WKDQRQHEHG 
1XPEHU RI
XQLTXH
FRPSRQHQWV
XVHG RQO\ LQ
RQHEHG 
& 
'RXEOH    
6LQJOH    
*XHVW    
3URGXFW/LQH&RPPRQDOLW\,QGH[3&, 
6LQFHsize/shapes IRUHDFKFRPSRQHQW W\SHDUHFRQVLGHUHG
LGHQWLFDOLQWKLVVWXG\WKHIIDFWRULVFRQVLGHUHGWREHRQH7KH
RWKHU I IDFWRUV LH materials/ manufacturing processes, and 
assembly processes) DUHUHPRYHGVLQFHWKH\DUHRXWRIVFRSHIRU
WKLVZRUN7KHUHYLVHG3&,IRUPXODXVHGLQWKLVVWXG\LVSURYLGHG
LQ(T 
  &RS\ULJKWE\$60( 
ܲܥܫ ൌ   ? ݊௜ െ  ?  ?݊௜ଶ௉௜ୀଵ௉௜ୀଵܲ כ ܰ െ  ?  ?݊௜ଶ௉௜ୀଵ כ  ? ? ?ሺ ?ሻ :KHUH3Æ NXPEHURIFRPSRQHQWW\SHVWKDWFDQSRWHQWLDOO\EH
VWDQGDUGL]HGLQDEHGW\SH1Æ 1XPEHURIEHGVLQDEHGIDPLO\
QLÆ Number of beds in a bed type that KDVFRPSRQHQWL 
7DEOHWDEXODWHVWKH3&,VFRUHVIRUWKHGLIIHUHQWEHGW\SHV
7KH 3&, SHUFHQWDJH IRU D SURGXFW W\SH GHILQHV WKH DPRXQW RI
FRPSRQHQW W\SHV SUHVHQFH DFURVV SURGXFWV ZLWK UHIHUHQFH WR
PD[LPXPSRVVLEOHFRPSRQHQWFRPPRQDOLW\LQGH[LH31
7KH*XHVWEHGW\SHKDVDKLJKHU3&,SHUFHQWDJHWKDQWKHRWKHU
WZRW\SHV7KHORZ3&,SHUFHQWDJHVDFURVVDOOEHGW\SHVLQGLFDWH
WKHVLJQLILFDQWVFRSHIRULPSURYHPHQWRIWKHOHYHORIFRPSRQHQW
SUHVHQFHDFURVVEHGV3DUWLFXODUO\UHGXFLQJWKHFRPSRQHQWW\SHV
XVHGRQO\RQFHLQDEHGZLOOLQFUHDVHWKH3&,SHUFHQWDJHV 
 
7DEOH3&,VFRUHVIRUGLIIHUHQWEHGW\SHV 
%H
GW\
SH  
1X
PE
HUR
I
FRP
SRQ
HQW

W\S
HV
 
1X
PE
HUR
I
EHG
V 
7R
WDO
QXP
EHU

RI
FRP
SRQ
HQW

W\S
HV
DFU
RVV
DOO

EHG
V 
෍  ?݊௜ଶ௉௜ୀଵ  3&, 
'RXEOH      
6LQJOH      
*XHVW      
2EVHUYDWLRQRQ&RPPRQDOLW\0HDVXUH 
7KHUHYLHZRIWKHUHSRUWHGFRPPRQDOLW\PHWULFV7DEOH
DQGWKHLUVHOHFWHGDSSOLFDWLRQWRDIODWSDFNSURGXFWIDPLO\JLYH
ULVHWRWKHIROORZLQJREVHUYDWLRQV 
x $ QRUPDOL]HG FRPPRQDOLW\ PHDVXUH WKDW GH¿QHV OHYHOVRI
GHVLJQ UHXVH ZLWK D UHODWLYH LQGH[ EHWZHHQ DEVROXWH
ERXQGDULHVHJVFDOHRI±UDWKHUWKDQRSHQRUPRYLQJ
ERXQGDULHVHJ'&,PHDVXUHVLPSOLILHVWKHFRPSDULVRQRI
GHVLJQVEHWZHHQSURGXFWUDQJHVDQGUHYLVLRQV 
x 7KH HPSKDVLV RI PXFK RI WKH UHSRUWHG ZRUN KDV EHHQ WR
PDLQWDLQ PHWULF FRQVLVWHQF\ LQ WKH IDFH RI
LQFUHDVLQJGHFUHDVLQJ SURGXFW DQG FRPSRQHQW W\SHV
+RZHYHUWKHSXEOLVKHGPHDVXUHVDUHW\SLFDOO\YDOLGDWHGRQ
VPDOOGDWDVHWDQGFRQVHTXHQWO\WKHLUEHKDYLRUZKHQDSSOLHG
DW VFDOH WRDSURGXFWSRUWIROLRFRQVLVWLQJRIPDQ\VRU
VRILWHPLVQRWZHOOXQGHUVWRRG 
x +LJKYDOXHSURGXFWVDUHW\SLFDOO\DVVHPEOLHVRIPDQ\VXE
DVVHPEOLHV DQG VSHFLDOLVW FRPSRQHQWV FRQVHTXHQWO\ LW LV
LPSRUWDQW WKDW PHDVXUHV FKDUDFWHUL]H FRPPRQDOLW\ DW
GLIIHUHQW OHYHOV RI SURGXFW VWUXFWXUH LH FRPSRQHQW
DVVHPEO\ IXQFWLRQ ZLWKLQEHWZHHQ SURGXFW SODWIRUP DQG
SURGXFWW\SHVHJ&3&,&',&0& 
x 0DQ\RIWKHUHSRUWHGPHWULFVHJ&,&&',&0&UHTXLUH
PXOWLSOH IDFWRUV LH LQIRUPDWLRQ LQWHQVLYH WR FDOFXODWH
FRPPRQDOLW\ LH SURGXFW VWUXFWXUHV FRPSRQHQW FRVWV
PDWHULDOV PDQXIDFWXULQJ SURFHVVHV DVVHPEO\ HQGLWHP
YROXPHVTXDQWLWLHVSHUDVVHPEO\DQGVRRQ+RZHYHUWR
RSHUDWH DW VFDOH LH DVVHVVVRISURGXFW GHVLJQV WKH
GDWD UHTXLUHG IRU WKH FDOFXODWLRQ VKRXOG EH ERWK UHDGLO\
DYDLODEOHDQGDFFXUDWH 
x ,GHDOO\DUHXVHPHDVXUHVKRXOGKLJKOLJKWFRPSRQHQWVZKRVH
UHGHVLJQZRXOGKDYHDVLJQLILFDQWLPSDFWRQWKHSURGXFW¶V
FRPPRQDOLW\PHDVXUHHJH[SHQVLYHKLJKYROXPHPXOWL
IXQFWLRQDO DQG FRPSRQHQWV XVHG LQ LPSRUWDQW SURGXFWV
&,& DQG &0& PHDVXUHV WDNH D FRPSRQHQW¶V FRVW DQG
YROXPHLQIRUPDWLRQLQWRDFFRXQW)RUH[DPSOHLWZRXOGEH
SUHIHUDEOH WR LQFUHDVH WKHXVHRIKLJKYROXPHFRPSRQHQWV
DFURVV D QXPEHU RI SURGXFWV UDWKHU WKDQ ORZYROXPH
FRPSRQHQWV 
x *LYHQ WKH DERYH LW LV REYLRXV WKDW D FRPPRQDOLW\ PHWULF
VKRXOGIDFWRUFRPSRQHQWTXDQWLWLHVLHSURGXFWLRQYROXPH
HYHQLIWKHXVDJHRIFRPSRQHQWVLVXQLIRUPDFURVVSURGXFWV 
x 0HWULFV WKDW GLVWLQJXLVK EHWZHHQ GLIIHUHQWLDWLQJ DQG QRQ
GLIIHUHQWLDWLQJ FRPSRQHQWV FDQ DYRLG SHQDOL]LQJ
FRPPRQDOLW\VFRUHZKHQGHVLJQHUVGHOLEHUDWHO\LQFRUSRUDWH
GLIIHUHQWLDWLQJIDFWRUVHJ3&,&',7&, 
x 0RVW RI WKH PHWULFV IRFXVHG VROHO\ RQ LGHQWLI\LQJ
FRPPRQDOLW\ DW WKH GLIIHUHQW OHYHOV RI SURGXFW IDPLO\
VWUXFWXUH+RZHYHUYHU\IHZJLYHLQVLJKWVLQWRWKHLPSOLFLW
WUDGHRIIV WKDW H[LVWV EHWZHHQ FRPPRQDOLW\ DQG YDULHW\
DFURVV D SURGXFW W\SH HJ &', 7KLV OLQH RI UHVHDUFK
HQTXLU\ LV LPSRUWDQW EHFDXVH FRPPRQDOLW\ PD\ KDYH
DGYHUVH LPSDFWV RQ GHVLJQ HI¿FLHQF\ IRU LQVWDQFH ZKHQ
H[WUHPH VWDQGDUGL]DWLRQ UHVXOWV LQ H[FHVVLYH IXQFWLRQDOLW\
>@  
7KHIODWSDFNIXUQLWXUHFDVHVWXG\KLJKOLJKWVWKHLPSRUWDQFHRI
WZR FULWLFDO SDUDPHWHUV LQ WKH FDOFXODWLRQ RI FRPPRQDOLW\
PHWULFV 
x 7KHQXPEHURIFRPSRQHQWSUHVHQFHDFURVVSURGXFWV 
x 7KHQXPEHURIFRPSRQHQWW\SHV 
/LNHZLVH LPSRUWDQW SDUDPHWHUV QRW FRQVLGHUHG LQ UHSRUWHG
PHWULFVDUH 
x 7KH FRQFHQWUDWLRQ RI FRPSRQHQW RFFXUUHQFHV DPRQJ
VXEVWLWXWDEOHFRPSRQHQW 
x 7KHQXPEHURIDOWHUQDWLYHFRPSRQHQWV 
x 7KHGHJUHHRISURGXFWYDULHW\ 
$QRWKHUPDMRUOLPLWDWLRQRIWKHOLWHUDWXUHPHWULFVLVWKHODFNRID
EHQFKPDUNGDWDVHWWRUHIHUHQFHUHVXOWVDJDLQVW7KHUHODWLYHVFDOH
±SURYLGHVDEHQFKPDUNDJDLQVWDQ LGHDOVFHQDULREXW WKLV
PD\QRWSURYLGHVXIILFLHQWLQVLJKWV IRULQFUHDVLQJFRPPRQDOLW\
PHDVXUH7KLVUHVHDUFKDLPVWRSURSRVHDFRPPRQDOLW\LQGH[WKDW
LQFRUSRUDWHV WKHVHDGGLWLRQDO SDUDPHWHUVDORQJDQGEHQFKPDUN
LWVEHKDYLRUDJDLQVWWKUHHEHQFKPDUNPHFKDQLVPV7KHSURSRVHG
LQGH[LQWHQGVWRLGHQWLI\FRPSRQHQWW\SHVWKDWFDQEHSRWHQWLDOO\
UHGXFHG DQG DOVR KLJKOLJKW WKH RSSRUWXQLW\ WR LQFUHDVH
RFFXUUHQFHV RI RWKHU FRPSRQHQWV7KH QH[W VHFWLRQ LQWURGXFHV
WKHSURSRVHG3'5,WKDWDGGUHVVHVPDQ\RIWKHLVVXHVGLVFXVVHG 
  &RS\ULJKWE\$60( 
$352%$%,/,67,&'(6,*15(86(,1'(; 
:H SURSRVH WR FKDUDFWHUL]H WKH H[WHQW WR ZKLFK DQ
RUJDQL]DWLRQ LV UHXVLQJ FRPSRQHQWV ZLWKLQ SURGXFWV XVLQJ WKH
FRQFHSW RI D 3XUHO\ UDQGRP GHVLJQ PHFKDQLVP 35'0 7R
PDNHWKHFRPSDULVRQPHDQLQJIXOZHRUJDQL]HFRPSRQHQWVLQWR
IDPLOLHV ZKHUH WR IDFLOLWDWH WKH DQDO\VLV LW LV DVVXPHG WKDW
FRPSRQHQWVDUHVXEVWLWXWDEOHIRUHDFKRWKHUZLWKLQDIDPLO\$V
VXFKWKH35'0LVHTXDOO\OLNHO\WRFKRRVHDQ\IDPLO\PHPEHU
HJDQ\EROWDQGEHDULQJZKHQVXFKDFRPSRQHQWLVUHTXLUHG
DVRSSRVHGWRDQRUJDQL]DWLRQWKDWLVKLJKO\HIIHFWLYHZLWKUHXVH
GHPRQVWUDWLQJ D KLJKHU FRQFHQWUDWLRQ RI XVH RQ IHZHU
FRPSRQHQWV :H DUH HIIHFWLYHO\ FRPSDULQJ WKH GLIIHUHQFH
EHWZHHQ WZR SUREDELOLW\ GLVWULEXWLRQV 7KH K\SRWKHVHV
PRWLYDWLQJ WKLV FRPSDULVRQ LV WKDW WKH EHVW SHUIRUPLQJ
RUJDQL]DWLRQV FRQFHQWUDWH DOO UHXVH RQ RQH PHPEHU RI HDFK
IDPLO\DQGWKHSRRUHVWPDNHHTXDOXVHRIDOOIDPLO\PHPEHUV 
:H GR QRW GLUHFWO\ REVHUYH DQ RUJDQL]DWLRQ¶V SUREDELOLW\
GLVWULEXWLRQ IRU FRPSRQHQW VHOHFWLRQ RQO\ WKH IUHTXHQF\ LQ
ZKLFK FRPSRQHQWV KDYH EHHQ VHOHFWHG $VVXPLQJ WKDW
FRPSRQHQWVHOHFWLRQLVLQGHSHQGHQWRISDVWSURGXFWFKRLFHVDQG
WKHSUREDELOLW\RIDFRPSRQHQWEHLQJVHOHFWHGLVWKHVDPHIRUDOO
SURGXFWVWKHQZHKDYHDPXOWLQRPLDOGLVWULEXWLRQ>@WRGHVFULEH
WKHUDQGRPQHVVRIWKHGDWD 
6SHFLILFDOO\ ZH XVH µF¶ WR GHQRWH WKH QXPEHU RI IDPLOLHV
ZLWKLQWKHFRPSDUDWRUVHWGHQRWLQJWKHWRWDOQXPEHURISURGXFWV
ZLWKµP¶)RUHDFKIDPLO\RIFRPSRQHQWVµL¶ZHGHQRWHZLWKµQL¶
WKHQXPEHURI RSWLRQV LHPHPEHUVRI WKH IDPLO\:HGHQRWH
ZLWK µSLM¶ WKH FRQGLWLRQDO SUREDELOLW\ WKDW FRPSRQHQW µM¶ IURP
IDPLO\ µL¶ LV VHOHFWHG JLYHQ D FRPSRQHQW IURP IDPLO\ µL¶ LV
VHOHFWHGIRUDSDUWLFXODUSURGXFW:HGHQRWHWKHREVHUYHGQXPEHU
RI VHOHFWLRQV RI FRPSRQHQW µM¶ IURP IDPLO\ µL¶ ZLWK µ[LM¶ µ3¶
UHSUHVHQWV WKH PDWUL[ RI SUREDELOLWLHV µSLM¶ DQG WKH /LNHOLKRRG
IXQFWLRQIRUWKHGDWDLHWKHSUREDELOLW\RIREVHUYLQJWKHGDWDDV
DIXQFWLRQRIWKHFRQGLWLRQDOSUREDELOLWLHVLVH[SUHVVHGLQ(T 
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     
:KLOH ZH GR QRW GLUHFWO\ REVHUYH µ3¶ ZH FDQ PDNH
LQIHUHQFHV7KH0D[LPXP/LNHOLKRRG(VWLPDWH0/(LHWKH
YDOXH RI WKH FRQGLWLRQDO SUREDELOLWLHV WKDW ZRXOG PRVW OLNHO\
UHVXOWLQWKHREVHUYHGGDWDGHQRWHGE\ ෠ܲKDVHOHPHQWVH[SUHVVHG
LQ(T ݌Ƹ௜௝ ൌ ݔ௜௝ ? ݔ௜௝௡೔௝ୀଵ ሺ ?ሻ 
   
7KH35'0KDV݌௜௝௉ோ஽ெ ൌ ଵ௡೔DQGDVZHLQFUHDVHWKHQXPEHURISURGXFWVLHµP¶WKHHVWLPDWHV݌Ƹ௜௝ZLOOFRQYHUJHZLWKWKHWUXH
XQGHUO\LQJSUREDELOLWLHVIRUWKHRUJDQL]DWLRQLHµ݌௜௝¶:HVHHN
DPHDVXUHIRUWKHGLIIHUHQFHEHWZHHQ݌Ƹ௜௝DQG݌௜௝௉ோ஽ெIRU׊݅ǡ ݆7KH
.XOOEHFN/HLEOHUGLYHUJHQFHPHDVXUH>@SURYLGHVDPHDQVWR
PHDVXUHWKHGLIIHUHQFHEHWZHHQGLVWULEXWLRQVDQGLVH[SUHVVHGLQ
(TIRUIDPLO\µL
 
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,I ݌Ƹ௜௝ ൌ ݌௜௝௉ோ஽ெ IRU DOO RSWLRQV µM¶ WKHQ'L  DQG DV WKH
GLIIHUHQFHJURZVVRGRHV'L7KLVPHDVXUHFDQEHUHH[SUHVVHG
DVDUDWLRRI/LNHOLKRRGIXQFWLRQVVRWKHGLIIHUHQFHEHWZHHQWKH
REVHUYHGIUHTXHQFLHVDQGWKH35'0LVPHDVXUHGUHODWLYHWRWKH
SUREDELOLW\ RI KDYLQJ JHQHUDWHG WKH REVHUYHG GDWD ,I WKH
REVHUYHG IUHTXHQFLHV DUH QRW FRQVLVWHQW ZLWK 35'0 WKHQ WKLV
PHDVXUHZLOOEHODUJH7KLVLVGHULYHGLQWKHIROORZLQJ(T 
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$V\PSWRWLFDOO\ZKHQWKHUHDODUJHQXPEHURISURGXFWVWKH
YDOXH RI WKLV PHDVXUH LV FKDUDFWHUL]HG ZLWK WKH Ȥ GLVWULEXWLRQ
ZKHQ WKH GLIIHUHQFHV DUH GXH WR VDPSOLQJ YDULDWLRQ RQO\ LH݌௜௝ ൌ ݌௜௝௉ோ஽ெ 7KLV UHVXOW FDQ EH XVHG WR PDS WKH GLVWDQFH
PHDVXUHWRDVFDOHEHWZHHQDQGDQGIDFLOLWDWHLQWHUSUHWDWLRQ 
6SHFLILFDOO\ DV µP¶ WHQGV WR LQILQLW\ XQGHU WKH QXOO
K\SRWKHVLV݌௜௝ ൌ ݌௜௝௉ோ஽ெWKHQ 
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KDVDȤGLVWULEXWLRQZLWK ? ݊௜ െ ܿ௖௜ୀଵ GHJUHHVRIIUHHGRP>@ $V VXFK ZH FDQ HYDOXDWH WKH &XPXODWLYH 'LVWULEXWLRQ
)XQFWLRQ&')RIWKHȤGLVWULEXWLRQDWWKHYDOXHRIWKHVWDWLVWLF
RI(TWRREWDLQDPHDVXUHEHWZHHQDQGWKLV3UREDELOLVWLF
'HVLJQ5HXVH,QGH[3'5,PHDVXUHVWKHSUREDELOLW\WKDWVXFKD
Ȥ UDQGRP YDULDEOH ZRXOG EH OHVV WKDQ WKH REVHUYHG VWDWLVWLF
ZKLFKSURYLGHVDPHDVXUHRIKRZH[WUHPHWKHVWDWLVWLFLVZKHUH
WKHUHLVQRGLIIHUHQFHEHWZHHQWKH35'0DQGWKHRUJDQL]DWLRQ
WKHQ WKH PHDVXUH ZRXOG EH  DQG DV WKH REVHUYHG GLIIHUHQFH
JURZVWKHPHDVXUHDSSURDFKHV$ZHEOLQNWRDGRFXPHQWWKDW
FRQWDLQV D GDWDVHW DQG LOOXVWUDWHV WKH SURFHVV WR FDOFXODWH WKH
SURSRVHG3'5,LVSURYLGHGLQWKH$FNQRZOHGJPHQWVHFWLRQ 
  &RS\ULJKWE\$60( 
3HUIRUPDQFHRI3'5,ZLWK)HZ'HVLJQV 
7KH XVH RI WKH PHDVXUH Ȥ GLVWULEXWLRQ LV MXVWLILHG XVLQJ
DV\PSWRWLFWKHRU\IRUDODUJHQXPEHURISURGXFWV)RUVLWXDWLRQV
ZLWKIHZSURGXFWV WKLVGLVWULEXWLRQDODVVXPSWLRQZRXOGQRWEH
DSSURSULDWH DQG D VLPXODWLRQ H[HUFLVH ZRXOG EH UHTXLUHG )RU
VPDOOVDPSOHVZHZRXOGFDXWLRQXVLQJWKLVIRUVWULFWK\SRWKHVLV
WHVWLQJDVWKHDFWXDOVLJQLILFDQFHOHYHODWWDFKHGWRWKHWHVWZRXOG
EH GLIIHUHQW IURP WKH YDOXH REWDLQHG IURP WKH Ȥ GLVWULEXWLRQ
+RZHYHU HYHQ ZLWK IHZ SURGXFWV WKH PHDVXUH ZLWK WKH Ȥ
GLVWULEXWLRQFDQVWLOOEHXVHGDVDPHDVXUHRIGLVWDQFHZLWKWKH
35'0LWZLOOEHDPRQRWRQLFWUDQVIRUPDWLRQRIWKHWUXH&')
YDOXHDQGDVVXFKLIDQRUJDQL]DWLRQZHUHWRVFRUHKLJKHUWKDQ
DQRWKHU XVLQJ WKH Ȥ GLVWULEXWLRQ WKLV UDQNLQJ ZRXOG EH
PDLQWDLQHGZLWKWKHWUXH&')HYDOXDWLRQ 
:HFRQGXFWHG D VLPXODWLRQ VWXG\ XVLQJ0DSOH >@
7KHIROORZLQJWKUHHSDUDPHWHUVZHUHFRQWUROOHGIRULQWKHVWXG\
QXPEHURISURGXFWV LHP QXPEHURI IDPLOLHV LHF 
DQGQXPEHURIIDPLO\PHPEHUVRSWLRQVLHQ )RU
HDFK VHW RI SDUDPHWHUV  VLPXODWLRQV ZHUH UHDOL]HG DQG WKH
HPSLULFDO&') ZDVFRPSDUHGZLWK WKHFRUUHVSRQGLQJȤ&')
7KH GLIIHUHQFH EHWZHHQ WKH &')¶V HPSLULFDO PLQXV Ȥ ZHUH
DVVHVVHG DQG WKH IROORZLQJ VXPPDU\ PHDVXUHV SURGXFHG
PD[LPXPGLIIHUHQFHPLQLPXPGLIIHUHQFHPHGLDQGLIIHUHQFHDV
ZHOO DV WKH FRUUHODWLRQ EHWZHHQ WKH WZR &')¶V $ VDPSOH RI
WKHVHUHVXOWVDUHSURYLGHGLQ$QQH[±$ 
)URP$QQH[±$LWFDQEHREVHUYHGWKDWZKLOHWKHFRUUHODWLRQ
FRHIILFLHQW LV KLJK W\SLFDOO\ DERYH  WKHUH FDQ EH DVSHFWV
ZKHUH WKH &')¶V DUH IDU DSDUW EXW WKH GLIIHUHQFH JHQHUDOO\
GHFUHDVHVZLWKPRUHSURGXFWV0RUHRYHUWKHȤ&')LVW\SLFDOO\
JUHDWHUWKDQWKHQHPSLULFDO&')HYDOXDWHGDWWKHVDPHYDOXHDV
REVHUYHG IURP WKH ODUJH QHJDWLYH QXPEHUV RQ WKH PLQLPXP
GLIIHUHQFHFROXPQ 
:HFRQGXFWHGDVHFRQGVLPXODWLRQVWXG\WRDVVHVVWKHWK
SHUFHQWLOHV 6SHFLILFDOO\ IRU VLWXDWLRQV ZKHUH WKH Ȥ &') ZDV
EHORZ RU DERYH LWV WK SHUFHQWLOH ZH DVVHVVHG ZKHWKHU WKH
HPSLULFDO GLVWULEXWLRQ ZDV DERYH RU EHORZ LWV WK SHUFHQWLOH
7KHUHVXOWVDUHSURYLGHGLQ7DEOHDQGIRUWKLVVLPXODWLRQ
UXQV ZHUH SHUIRUPHG IRU HDFK SDUDPHWHU FRPELQDWLRQ 8SRQ
LQVSHFWLRQRI7DEOH  LW FDQEHREVHUYHG WKDW LI WKH Ȥ&') LV
EHORZ WKH WK SHUFHQWLOH WKHQ WKH HPSLULFDO ZDV DV ZHOO
+RZHYHU HYHQ ZLWKGHVLJQVRIDJUHHPHQWDERYH WKHWK
SHUFHQWLOHLVTXHVWLRQDEOH7KLVZRXOGEHUHOHYDQWLIWKHPHDVXUH
ZDVWREHXVHGLQWKHIRUPRIDK\SRWKHVLVWHVWVXJJHVWLQJWKHȤ
WHVW LV PRUH DFFXUDWH ZKHQ DFFHSWLQJ WKH QXOO K\SRWKHVLV WKDQ
ZKHQUHMHFWLQJLW 
,QVXPLIWKHȤDQDO\VLVVKRZQRVLJQLILFDQWGLIIHUHQFHWKHQ
WKH WUXH &') HYDOXDWLRQ ZKLFK LV PRUH FRPSXWDWLRQDOO\
H[SHQVLYHZRXOGFRQFOXGHVLPLODUO\KRZHYHULI WKHȤDQDO\VLV
VXJJHVWV D VLJQLILFDQW GLIIHUHQFH WKH WUXH&')HYDOXDWLRQ PD\
GLIIHU7KLVLVRQO\DSUREOHPLIWKHDQDO\VLVLVEHLQJXVHGDVD
VWULFWK\SRWKHVLVWHVWUDWKHUWKDQDVDGLVWDQFHPHDVXUH 
 
 
7DEOH6DPSOHRIUHVXOWVIURPVLPXODWLRQH[HUFLVHWR
DVVHVVWKHGLIIHUHQFHEHWZHHQWKHWKSHUFHQWLOHRI
WKH 2F DQGWKHWUXHGLVWULEXWLRQRIWKHVWDWLVWLF(T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%HVWDQG1R5HXVH0HFKDQLVPV 
7KH3XUHO\UDQGRPGHVLJQPHFKDQLVP35'0LVDFRQFHSW
GHYHORSHG WR SURYLGH D EHQFKPDUN IRU DVVHVVLQJ WKH
FRQFHQWUDWLRQZLWKZKLFKFRPSRQHQWVDUHUHXVHZLWKLQIDPLOLHV
7KH35'0LVLQVWUXFWHGWRVHOHFWFRPSRQHQWVIURPDGHILQHGOLVW
DQGGRHVVRDWUDQGRPZLWKFRPSRQHQWVEHLQJHTXDOO\OLNHO\WR
EHVHOHFWHG7KHȤYDOXHSURYLGHVDPHDVXUHRIWKHGLVWDQFHDQ
RUJDQL]DWLRQLVIURPWKH35'0+RZHYHUWKH35'0LVQRWWKH
PRVWLQHIILFLHQWPHFKDQLVP7KH1R5HXVH0HFKDQLVP150
FKDUDFWHULVHV D GHVLJQHU WKDW QHYHU YLVLWV WKH FDWDORJXH RI
KLVWRULFDO SURGXFWV DQG FRQVHTXHQWO\ HYHU\ QHZ SURGXFW WKH\
FUHDWHLVHQWLUHO\RULJLQDOZLWKQRUHXVH 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJXUH5HODWLRQVKLSEHWZHHQDQRUJDQL]DWLRQ¶V
FRPSRQHQWVUHXVH;FRPSDUHGZLWKPLQLPDOUHXVH
ZKHUHQHZFRPSRQHQWVDUHFUHDWHGIRUHDFKQHZ
SURGXFW/DQGEHVWUHXVHZKHUHFRPPRQ
FRPSRQHQWVDUHXVHGLQHYHU\SURGXFW% 
 
)LJXUHLOOXVWUDWHVWKHUHODWLRQVKLSEHWZHHQDQRUJDQL]DWLRQ
ODEHOOHG ; QXPEHU RI FRPSRQHQW W\SHV DQG WKH WRWDO
FRPSRQHQWSUHVHQFHLQDSURGXFWW\SH$QHIILFLHQWRUJDQL]DWLRQ
JHQHUDWHVPDQ\SURGXFWVIURPIHZFRPSRQHQWVDQGDVVXFKWKH
VWHHSHUWKHVORSHWKHPRUHHIILFLHQWWKHRUJDQL]DWLRQ7KHUHLVD
ORZHUOLPLWRQWKHVORSHRI WKLVUHODWLRQVKLSDV150ODEHOOHG
/DOZD\VFUHDWHVQHZFRPSRQHQWV IRUHDFKQHZ SURGXFW WKHQ
1XPEHURI&RPSRQHQWW\SHV 
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 &RS\ULJKWE\$60( 
150 OLQHV ZLOO QRW H[FHHG WKH  GHJUHH OLQH DQG DV PRUH
FRPSRQHQWVDUHGHVLJQHGWKHVORSHZLOOEHFRPHIODWWHU7KHDQJOH
µĮ¶NQRZQDVWKH³KHDOWKLHU´DQJOHEHWZHHQWKH150OLQH/
DQGDQRUJDQL]DWLRQ¶VOLQH;SURYLGHVDPHDVXUHRIUHXVHLH
ODUJHUWKHYDOXHRIĮWKHKHDOWKLHUWROHYHOVRIUHXVH7RFDOFXODWH
WKHVORSHRIWKH150OLQHWKHQXPEHURIFRPSRQHQWW\SHVZDV
FDOFXODWHG E\ PXOWLSO\LQJ DQ DYHUDJH QXPEHU RI FRPSRQHQW
W\SHV LQ D SURGXFW DQG WKH QXPEHU RI SURGXFWV LQ D SURGXFW
IDPLO\:KHUHDVIRU%HVW5HXVH0HFKDQLVP%50WKHQXPEHU
RIFRPSRQHQWW\SHVLVHTXDOWRDQDYHUDJHQXPEHURIFRPSRQHQW
W\SHVLQDSURGXFW7KHLPSURYHPHQWDQJOHµȕ¶LVWKHGLIIHUHQFH
EHWZHHQEHVWWKH%50OLQH%DQGWKHFXUUHQWRUJDQL]DWLRQOLQH
; 7KHVH UHIHUHQFH DQJOHV IRU D VLQJOH SURGXFW W\SH DUH
LOOXVWUDWHGLQ)LJ7KHILJXUHLVQRWDLPHGWRGHSLFWUHIHUHQFH
DQJOHVIRUDOOSURGXFWW\SHVWRJHWKHU 
5(68/76 
6WUXFWXUDOO\ VLPLODUFRPSRQHQWV HJKLQJHV GRZHOV FDP
ORFN QXWV HWF IURP WKH IXUQLWXUH GDWDVHW ZHUH RUJDQL]HG LQWR
IDPLOLHV WR DOORZ DSSOLFDWLRQ RI WKH SURSRVHG 3'5, PHDVXUH
$OWKRXJK QRW DOO VWUXFWXUDOO\ VLPLODU FRPSRQHQWV ZLOO EH
³VXEVWLWXWDEOH´ LQ SUDFWLFH E\ DVVXPLQJ WKH\ FRXOG EH WKH
35'0 FDQ EH XVHG WR IRFXVHV GHVLJQ UHYLHZV WKDW UHTXLUH
GLIIHUHQFHV WR EH MXVWLILHG7DEOH  VXPPDUL]HV WKH QXPEHU RI
SURGXFWVIDPLOLHVDQGDYHUDJHQXPEHURIRSWLRQV IRUHDFKEHG
W\SH,WVKRXOGEHQRWHGWKDWRQO\IDPLOLHVZLWKPRUHWKDQRQH
RSWLRQDUHFRQVLGHUHGLQWKLVUHXVHFDOFXODWLRQ7KHWRWDOQXPEHU
RI VXFK IDPLOLHV LV KLJKHU IRU WKH 'RXEOH EHG ZKHUHDV WKH
DYHUDJHQXPEHURIRSWLRQVLVKLJKHUIRUWKH*XHVWEHGW\SH 
 
7DEOH'LVWULEXWLRQRIQXPEHURISURGXFWVIDPLOLHV
DQGDYHUDJHQXPEHURIRSWLRQVSHUEHGW\SH 
%HGW\SH 1R RI
EHGV 
7RWDO
QXPEHU
RI
IDPLOLHV 
1R RI
IDPLOLHV
ZLWK PRUH
WKDQ RQH
RSWLRQ 
$YHUDJH
QXPEHURI
RSWLRQV
SHUIDPLO\ 
'RXEOH     
6LQJOH     
*XHVW     
 
7KHȤGLVWULEXWLRQYDOXHIRUDOOEHGW\SHVLVRQH7KHKLJK
VFRUHGHPRQVWUDWHVWKDWWKHIXUQLWXUHFRPSDQ\DWWKHDJJUHJDWHG
OHYHO XVHG DKLJKHU FRQFHQWUDWLRQRI XVHRQ IHZHU FRPSRQHQW
RSWLRQVZLWKLQWKHIDPLOLHVXQOLNHO\WKH3XUHO\UDQGRPGHVLJQ
PHFKDQLVP 35'0 which ZRXOG KDYH FKRVHQ DOO WKH
FRPSRQHQWV HTXDOO\ RIWHQ 7KH KLJK GLIIHUHQWLDWLRQ EHWZHHQ
SUREDELOLW\GLVWULEXWLRQVVKRZVWKDW WKHSUREDELOLW\GLVWULEXWLRQ
RI FRPSRQHQW XVDJH LQ WKH IXUQLWXUH FRPSDQ\ LV GLIIHUHQW WR
35'0DWWKHRYHUDOOOHYHO 
7KHȤGLVWULEXWLRQYDOXHIRUHDFKIDPLO\ZDVFDOFXODWHGWR
XQGHUVWDQGWKHYDULDWLRQLQGLYLGXDOO\ZLWKUHIHUHQFHWR35'0
)LJXUHUHSUHVHQWV'VFDWWHUSORWVEHWZHHQȤGLVWULEXWLRQYDOXH
IRUHDFKIDPLO\ZLWKUHIHUHQFHWRWKHQXPEHURIRSWLRQVDQGWKH
WRWDOFRPSRQHQWRFFXUUHQFHVLQWKHIDPLO\7KHDGYDQWDJHRIWKLV
Ȥ GLVWULEXWLRQ YDOXH LV WKDW LW DFFRXQWV IRU VDPSOH VL]H LH
FRQVLGHULQJDFXPXODWLYHQXPEHURIRSWLRQV7KHUHVXOWVVKRZ
WKDWRIIDPLOLHVLQWKH6LQJOHEHGW\SHKDYHDȤVFRUHOHVV
WKDQEXWRQO\IRUWKH'RXEOHDQG*XHVWEHGW\SHV7KLV
ILQGLQJGHPRQVWUDWHVWKDWPRVWRIWKHIDPLOLHVLQWKH6LQJOHEHG
W\SHKDYHWUHQGHGWRZDUGVUDQGRPFRPSRQHQWVHOHFWLRQOHDGLQJ
WRWKHHTXDOXVHRIDOOIDPLO\PHPEHUV7KXVWKHUHLVVLJQLILFDQW
RSSRUWXQLW\WRLQFUHDVHWKHKLJKHUFRQFHQWUDWLRQRIXVHRQIHZHU
FRPSRQHQWVZLWKLQWKH6LQJOHEHGW\SH 
7KHWKUHHHOOLSWLFDO]RQHVVKRZQLQ)LJUHSUHVHQWJURXSV
RI FRPSRQHQW IDPLO\ ZLWKLQ ZKLFK LW LV PRVW OLNHO\ WKDW
FRPSRQHQWUHXVHLPSURYHPHQWVFDQEHPDGH 
x %OXH]RQHLGHQWLILHVHPHUJLQJRUUDUHIDPLOLHVZLWKYHU\ORZ
ȤYDOXHV7KLV]RQHKDVIHZRSWLRQVDQGRFFXUUHQFHV LQD
IDPLO\&RQVLGHUIRUH[DPSOHDFRPSRQHQWW\SHWKDWLVUDUHO\
XVHG LW ZLOO QRW ILQG LWVHOI ZLWK D KLJK VFRUH DV LW KDVQ¶W
GHPRQVWUDWHGLWVHOIDVEHLQJVLJQLILFDQWO\GLIIHUHQWIURPWKH
35'0$PRQJWKHFRPSRQHQWIDPLOLHVZLWKOHVVWKDQ
ȤVFRUHKDYHRQO\IHZHUWKDQIRXURSWLRQV7KHUHIRUH
WKLV ]RQH FRQWDLQV D VLJQLILFDQW QXPEHU RI IDPLOLHV WKDW
EHKDYHVVLPLODUO\WR35'0 
x 5HG]RQH LGHQWLILHVPDWXUHG IDPLOLHVZLWKPDQ\DYDLODEOH
RSWLRQV$OO IDPLOLHV ZLWK D KLJK QXPEHU RI RSWLRQV KDYH
JUHDWHU WKDQ  Ȥ YDOXHV +RZHYHU WKH IDPLOLHV LQ WKLV
]RQHVKRXOGWKHIRFXVRILQLWLDWLYHVWRUHGXFHHOLPLQDWHWKH
DYDLODEOHRSWLRQV 
x 2UDQJH ]RQH LGHQWLILHV WKH KLJK FRPSRQHQW RFFXUUHQFH
IDPLOLHV $JDLQ DOO IDPLOLHV ZLWK KLJK FRPSRQHQW
RFFXUUHQFHVKDYHJUHDWHUWKDQȤYDOXHV7KHIRFXVLQ
WKHUHJLRQLVWRUHGXFHFRPSRQHQWRFFXUUHQFHVVSUHDGDFURVV
DYDLODEOHRSWLRQV 
7KHVHWKUHH]RQHVZLWKGLIIHUHQWȤGLVWULEXWLRQYDOXHVKHOS
WR SULRULWL]H ZKLFK IDPLOLHV WR LQYHVWLJDWH ILUVW ,QFUHDVLQJ
FRPSRQHQW UHXVH LQ WKHVH GLIIHUHQW ]RQHV ZLOO KDYH GLIIHUHQW
RYHUDOOUHXVHDQGEXVLQHVVLPSDFW 
 )LJXUH'VFDWWHUSORWRIȤGLVWULEXWLRQYDOXH
QXPEHURIRSWLRQVDQGWRWDORFFXUUHQFHVIRUHDFK
FRPSRQHQWIDPLO\ 
 
7KH Ȥ GLVWULEXWLRQ YDOXHV SURYLGH FRPSRQHQW XVDJH
IUHTXHQF\ DPRQJ HDFK IDPLO\ EHQFKPDUNHG ZLWK 35'0 7R
  &RS\ULJKWE\$60( 
EHQFKPDUN DQ RUJDQL]DWLRQ¶V UHXVH SHUIRUPDQFH 1R 5HXVH
0HFKDQLVP 150 DQG %HVW 5HXVH 0HFKDQLVP %50 ZHUH
JHQHUDWHG7DEOHVXPPDUL]HVWKHVRFDOOHG+HDOWKLHUDQJOH
Į DQG WKH ,PSURYHPHQW DQJOH ȕ DORQJ ZLWK FDOFXODWHG
SDUDPHWHUV IRU DOO EHG W\SHV 7KH 'RXEOH EHG KDV D EHWWHU
+HDOWKLHUDQJOHĮDQGORZLPSURYHPHQWDQJOHȕ:KHUHDVWKH
6LQJOHEHGKDVDORZ+HDOWKLHUDQJOHĮDQGKLJKLPSURYHPHQW
DQJOHȕ7KHDYRLGDQFHRIVXEMHFWLYHLQIRUPDWLRQLQFDOFXODWLQJ
LVWKHSULPDU\DGYDQWDJHRIWKHVHDQJOHV 
 
7DEOH)XUQLWXUHRUJDQL]DWLRQ%HVWDQG1R5HXVH
0HFKDQLVPV$QJOHFDOFXODWLRQ 
%HGW\SH 'RXEOH 6LQJOH *XHVW 
1XPEHURISURGXFWV    
1XPEHURI
FRPSRQHQWW\SHV 
   
7RWDOFRPSRQHQW
SUHVHQFHLQD
SURGXFWIDPLO\    
2UJDQL]DWLRQUHXVH
GHJUHH    
$YHUDJHQXPEHURI
FRPSRQHQWW\SHV    
1XPEHURI
FRPSRQHQWW\SHVLQ
150    
150UHXVHGHJUHH    
%50UHXVHGHJUHH    
+HDOWKLHUDQJOHĮ    
,PSURYHPHQWDQJOH
ȕ    
',6&866,21 
7DEOHVXPPDUL]HVVL[FRPPRQDOLW\LQGH[YDOXHVIRUWKH
WKUHHEHGW\SHV7KHGLIIHUHQWFRPPRQDOLW\LQGH[YDOXHVSURYLGH
GLIIHUHQWLQIRUPDWLRQDERXWWKHGHJUHHRIFRPPRQDOLW\DFURVVWKH
EHG W\SHV 7KH 'RXEOH EHG IDPLO\ KDV D EHWWHU GHJUHH RI
FRPPRQDOLW\WKDQWKHRWKHUWZRW\SHVDFURVVDOOWKHFRPPRQDOLW\
LQGH[HVH[FHSWIRUWKH3&,YDOXHVZKHUHWKH*XHVWEHGW\SHKDV
DKLJKHUVFRUH 
 
7DEOH6XPPDU\RIWKHFRPPRQDOLW\LQGH[YDOXHV 
%HG
W\SH 
0D[
5& 
'&, 7&&, &, & 3&, 
'RXEOH       
6LQJOH       
*XHVW       
 
7KHLQWHUSUHWDWLRQVGUDZQIURPWKHVHYDOXHVKHOSWRDQVZHU
WKHIROORZLQJTXHVWLRQV 
x :KLFKFRPSRQHQW W\SHKDVDKLJKSUREDELOLW\RISUHVHQFH
DFURVVEHGV"5& 
x 2QDYHUDJHKRZPDQ\WLPHVKDVDFRPSRQHQWEHHQXVHGLQ
DEHGW\SH"'&,DQG7&&, 
x :KDW LV WKH UDWLR EHWZHHQ FRPSRQHQW W\SHV DQG WKH WRWDO
QXPEHURIFRPSRQHQWSUHVHQFHLQDEHGW\SH"&, 
x :KDWLVWKHSHUFHQWDJHRIFRPPRQDQGXQLTXHFRPSRQHQWV
LQDEHGW\SH"& 
x :KDWLVWKHSHUFHQWDJHRIWRWDOFRPSRQHQWSUHVHQFHWR WKH
PD[LPXP SRVVLEOH FRPSRQHQW FRPPRQDOLW\ IRU D EHG
IDPLO\"3&, 
2WKHU WKDQ WKH 5& VFRUH DOO RWKHU PHDVXUHV SURYLGH
GLIIHUHQWDJJUHJDWHGLQWHUSUHWDWLRQVRIFRPPRQDOLW\VFRUH7KH
5& VFRUH SURYLGHV LQGLYLGXDO FRPSRQHQW VKDULQJ DFURVV
SURGXFWV ,Q FRQWUDVW WKH QHZ 3'5, FRPPRQDOLW\ PHDVXUH
SUHVHQWHGKHUHDQVZHUVWKHIROORZLQJTXHVWLRQV 
x :KLFK FRPSRQHQW IDPLOLHV GHYLDWH PRVW IURP D 3XUHO\
UDQGRPGHVLJQPHFKDQLVP35'0" 
x :KDW DUH WKH EHVW DQG ZRUVW FRPSRQHQW IDPLOLHV IURP D
UHXVHSHUVSHFWLYHLQDSURGXFWW\SH" 
x +RZWRFDWHJRUL]HFRPSRQHQWIDPLOLHVLQWRGLIIHUHQW]RQHV
EDVHG RQ WKH 35'0 WKH QXPEHU RI RSWLRQV DQG WKH WRWDO
FRPSRQHQWRFFXUUHQFHVLQHDFKIDPLO\" 
x +RZGRHVFRPSRQHQWUHXVHLQDQRUJDQL]DWLRQFRPSDUHZLWK
WKH H[WUHPHV RI 1R 5HXVH 0HFKDQLVP 150 DQG %HVW
5HXVH0HFKDQLVP%50" 
7KH DQVZHUV WR WKHVH TXHVWLRQV ZLOO KHOS IRFXV LH
SULRULWL]H DQ HQWHUSULVH¶V HQJLQHHULQJ HIIRUW RQ LQGLYLGXDO
FRPSRQHQW IDPLOLHV IRU UHXVH LPSURYHPHQWV UDWKHU WKDQ
SURYLGLQJ DJJUHJDWHG UHXVH YDOXH 7KH SURSRVHG PHDVXUHV
REMHFWLYHO\TXDQWLI\OHYHOVRIUHXVHDQGVRDLGXQGHUVWDQGLQJRI
FRPSRQHQW IUHTXHQF\ GLVWULEXWLRQ ZLWKLQ D IDPLO\ ,Q RWKHU
ZRUGVLWFDQKHOSWRLQFUHDVHRFFXUUHQFHVRIIHZFRPSRQHQWVLQ
DIDPLO\ZKLFKZLOOHYHQWXDOO\OHDGWRUHGXFLQJWKHQXPEHURI
RSWLRQVDQGFRPSRQHQWW\SHV 
7KHYLVXDOL]DWLRQRIDFRPSRQHQW IDPLO\¶VGHYLDWLRQ IURP
WKHUDQGRPPHFKDQLVPVLQD'VFDWWHUSORWLOOXVWUDWHVRQHZD\
LQZKLFKWKHSURSRVHGDSSURDFKFDQEHXVHGWR LGHQWLI\WDUJHWV
IRUUHGHVLJQWRLPSURYHUHXVH7KHFRQFHSWVRIWKHKHDOWKLHUDQG
LPSURYHPHQWDQJOHVGRQRWUHO\RQVXEMHFWLYHLQIRUPDWLRQDQG
VLJQLILFDQWO\UHGXFHVWKHFDOFXODWLRQHIIRUWUHTXLUHGWRJHQHUDWH
WKHP,QWKHFDVHVWXG\WKHVHDQJOHVLOOXVWUDWHWKDWWKH'RXEOHEHG
W\SH LVEHWWHU WKDQ WKH6LQJOHEHG W\SH LQUHXVHPHDVXUHV ,W LV
LQWHUHVWLQJ WR QRWH WKDW WKLV ILQGLQJ DJUHHV ZLWK WKH UHVXOWV RI
RWKHUSXEOLVKHGPHWULFV7DEOH 
&21&/86,21 
7KLVSDSHUSURSRVHV WKH3UREDELOLVWLF'HVLJQ5HXVH ,QGH[
3'5, WKDW XVHV IUHTXHQF\ RI FRPSRQHQW XVDJH DPRQJ WKH
RSWLRQV LQ D IDPLO\ DQG FRPSDUHV WKDW ZLWK D 3XUHO\ UDQGRP
GHVLJQ PHFKDQLVP 35'0 WR EHQFKPDUN UHXVH LQ DQ
RUJDQL]DWLRQ:KLOHLWLVFOHDUWKDWVRPHYDULDWLRQLQFRPSRQHQW
W\SH LV ERWK H[SHFWHG DQG QHFHVVDU\ WR PHHW FXVWRPHU
UHTXLUHPHQWLWLVDOVRDSSDUHQWWKDWDXQLIRUPGLVWULEXWLRQZRXOG
VXJJHVWV SRRU SUDFWLFH LQ FRPSRQHQW VHOHFWLRQ 7KH PDMRU
DGYDQWDJHRIWKLVPHDVXUHLVWKDWLWKHOSVWRSULRULWL]HFRPSRQHQW
IDPLOLHVIRUUHYLHZWKDWRIIHUWKHPRVWVFRSHIRUUHGXFWLRQLQWKH
  &RS\ULJKWE\$60( 
QXPEHU RI FRPSRQHQW RSWLRQV DQG RFFXUUHQFHV 7KLV UHXVH
PHDVXUHDORQJZLWKWKH1RUHXVHDQGWKH%HVWUHXVHPHFKDQLVPV
SURYLGH FOHDU EHQFKPDUN UHIHUHQFHV IRU RUJDQL]DWLRQ WR WUDFN
LPSURYHPHQWSURJUHVVLRQRIFRPSRQHQWUHXVH 
7KH DXWKRUV¶ RQJRLQJ ZRUN DLPV WR GHPRQVWUDWH WKH
HIILFLHQF\ RI WKHVH PHDVXUHV RQ ODUJHU LQGXVWULDO GDWD VHWV
3DUWLFXODUO\ WKH IRFXV LV WR GHPRQVWUDWH WKHVH PHWULFV DW WKH
GLIIHUHQWSURGXFWVWUXFWXUHOHYHOV,QWKHORQJWHUPWKHHIILFLHQF\
RIWKHVHPHWULFVQHHGVWREHWHVWHGLQLQGXVWULDOHQYLURQPHQWVWR
TXDQWLI\ WKH ODERU UHTXLUHG WR DSSO\ WKH PHDVXUHV LQ SUDFWLFH
:KLOH DYRLGLQJ VXEMHFWLYH PHDVXUHV WKH UHVHDUFKHUV ZLOO DOVR
LQYHVWLJDWH KRZ RWKHU LQIRUPDWLRQ VXFK DV FRPSRQHQW FRVWV
PDWHULDOV DQGYROXPHV FDQEH LQFRUSRUDWHG LQWR WKH PHWULF WR
EHWWHUUHIOHFWWKHFRQWH[WDQGLPSOLFDWLRQVRIUHXVHOHYHOV 
$&.12:/('*(0(17 
7KLV ZRUN ZDV VXSSRUWHG E\ (QJLQHHULQJ DQG 3K\VLFDO
6FLHQFHV5HVHDUFK&RXQFLO8.>JUDQWQXPEHU(35@
$GDWDVHW VXSSRUWLQJ WKLV UHVHDUFKDQG WKHSURFHVV WRFDOFXODWH
WKH SURSRVHG SUREDELOLVWLF EDVHG PHDVXUH LV RSHQO\ DYDLODEOH
IURP KWWSG[GRLRUJDFFFFDD
DIII 
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